In this paper, we point out that many Jacobi elliptic function solutions to non-linear differential equation(NDE) can be transformed each other via the modulus and phase transformation of Jacobi elliptic function. Therefore these solutions are equivalent. We investigate equivalent of the Jacobi elliptic function solutions of Korteweg-de Vries (mKdV) equation as a example.
I. INTRODUCTION
In recent decades, nonlinear differential equation(NDE) become research focus, so the methods for solving them have been developed rapidly. Among them, a series Jacobi elliptic function solutions of nonlinear equations were given by the means of the Jacobi elliptic function expansion method [1] and its modified form [2, 3] . In fact, many forms of Jacobi elliptic function solutions can be obtained from one of them using the transformation of the Jacobi elliptic function, therefore, they are equivalent. Further more, Jacobi elliptic function expansion method and its related correction method to reduce the number of expanded form, or expansion to certain restrictions, such as in Ref. [4] they have mentioned a few transformations of the Jacobi elliptic function, and used them to simplify the Jacobi elliptic function expansion. In Ref. [5] , they pointed out that Jacobi elliptic transformation can be use to obtain other Jacobi elliptic functional solutions of NDE. In this paper, we point out that we should test wether the solutions are equivalent and we give a more systematic and comprehensive shown for transformation of the Jacobi elliptic function which can help us to test. Basing on any one of the known NDE's Jacobi elliptic function solutions, you can get other Jacobi elliptic function solutions by the transformation, of cause they are equivalent solutions. Finally, we investigate Jacobi elliptic function solutions to mKdV equation as a example.
The paper is organized as follows: In section II, we review the modulus and phase transformation of Jacobi elliptic function and give some new forms of them. A treatment for the Jacobi elliptic function solutions to mKdV equation as an example is shown in section III. In the last section, we give a brief conclusion.
II. JACOBI ELLIPTIC TRANSFORMATION
The definition and some properties of the Jacobi elliptic function can see appendix. Assuming sn(x + φ|λ) can become S(x) by the module and phase transformation, at the same time cn(x + φ|λ) and dn(x + φ|λ) become S(x) and D(x) respectively, then S, C, and D meet the follow equations [8] dS dx
where φ can determined by equations
If two Jacobi elliptic function solutions of a NDE satisfy (1) and (2), we can say that the two solutions are equivalence. By the means of appendix and (1) , we can get the follow expressions (some of them were given by Ref. [8] )
sn
where
dn
cn
where φ = εK,
where φ = −K − iK ′ .
III. INVESTIGATION OF JACOBI ELLIPTIC FUNCTION SOLUTIONS TO MKDV
In this section, we will apply our transform to NDE. We take the mKdV equation for example. The mKdV equation reads
Thus substitution of (58) in (57) gives:
where φ is the function of x and t. Ref. [5, [9] [10] [11] solved the equation (59), and got some Jacobi elliptic function solutions. Fu [11] obtained p-mKdV's more binary Jacobi elliptic function solutions using a systematical way, and pointed out the conditions for the p-mKdV's binary Jacobi elliptic function solutions existing. We will discuss the conditions for real solution of both p-mKdV and n-mKdV. As all we known:
combining (58), we can find that if φ is imaginary number, then the solution of n-mKdV will be real. Therefor if considering n-mKdV and p-mKdV's real solutions at the same time, we can treat φ 2 as a real. So when we known a solution of (59) given by Ref. [5] , we can get a lot of Jacobi elliptic function solutions of n-mKdV and p-mKdV. Such as
and
By the means of (21), using the transform
The other Jacobi elliptic function solutions of mKdV equation are list in Table I . So these solutions of mKdV equation are equivalent. 
sn(x + iK
cn(x + iK
dn(x + iK ′ |k) = cs(x|k),
2 dθ, p and q are integers.
